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Chapter D

Preterm Labor & Premature Rupture of Membranes

William Sayres, M.D.
Published June 2011

OBJECTIVES

At the end of this lecture, participants will be able to:

e Define preterm labor (PTL) and premature rupture of membranes (PROM)
and describe their significance.

e |ist risk factors associated with PTL and PROM.
¢ Qutline initial evaluation of PTL and PROM.
e Describe management of PTL and PROM.

e Discuss neonatal group B streptococcal (GBS) prevention strategies.

INTRODUCTION

Previous preterm delivery (PTD) is the most important historical risk factor for subsequent PTD.
Other important antenatal risk factors include multiple gestation, bacterial vaginosis, and short
cervix. In a patient presenting with preterm contractions, cervical length on transvaginal ultrasound
or a fetal fibronectin test can be used to help assess the risk of preterm delivery. Progesterone may
be used to decrease the likelihood of preterm delivery in patients with a prior preterm delivery or a
short cervical length on ultrasound. Administration of antenatal corticosteroids remains our most
important intervention to improve perinatal outcomes in women presenting with preterm labor (PTL).
Tocolytic agents may delay preterm delivery allowing time to administer steroids or transfer to facili-
ties with a Neonatal Intensive Care Unit (NICU). Management of preterm premature rupture of mem-
branes (PPROM) may include administering antibiotics, antenatal corticosteroids, or labor induction
based on the gestational age at presentation. Management of premature rupture of membranes
(PROM) at term includes early induction/augmentation of labor.

EPIDEMIOLOGY

The United States’ incidence of preterm delivery (PTD), defined as occurring before 37 weeks’
gestation, was 12.3 percent in 2008.1 About 40 to 45 percent of preterm deliveries are the result of
spontaneous preterm labor with intact membranes. Twenty-five to 30 percent are associated with
preterm premature rupture of the membranes. The remaining 30 to 35 percent of preterm deliver-
ies are the result of delivery by labor induction or cesarean section for medical indications such as
severe preeclampsia, placental abruption, or intrauterine growth restriction.?

The incidence of PTD increased 20 percent from 1990 to 2006. This increase has been associated
with a rise in multiple gestations and increased indicated late preterm deliveries (between 34 and
36 weeks' gestation). The rate has fallen from 12.8 percent in 2006 to 12.3 percent in 2008; perhaps
due to efforts to decrease the proportion of elective inductions and cesarean deliveries occurring
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before 37 weeks.! The use of assisted reproductive technology (ART) has resulted in an increase in
multiple gestations; singleton pregnancies conceived with ART are also associated with shorter ges-
tations.?> Although infant mortality rates increase significantly below 32 weeks,* late preterm delivery,
defined as 34 to 36 weeks’ gestation, is nevertheless responsible for significant morbidity, including
the majority of NICU admissions.> Despite the increase in the rate of PTD, the rates of infant and
neonatal mortality in the US have fallen steadily.* At least some of the continuing decrease in peri-
natal mortality may be attributed to medically indicated preterm delivery.®

RISK FACTORS FOR PTD

Up to 50 percent of extremely preterm deliveries occur in pregnancies with no known risk factors.”

Maternal characteristics: African-American race is associated with increased rates of PTD and of
extreme PTD in particular.! Short interpregnancy interval (< six months) increases the risk of PTD
by 1.4 (95%Cl 1.24 to 1.58).8 Maternal nutritional status and, in particular, pre-pregnancy body mass
index (BMI) of < 20 increases the odds of PTD by 3.96.7 Pregnancies, both multiple and single ges-
tations, resulting from assisted reproductive technology have higher rates of PTD.1?

Maternal psychological and social stress, physically strenuous work and lack of social support have
been related to PTD.? Physical abuse was associated in one study with an overall risk (OR) for PTD
of 314 (ClI 2.00 to 4.93).11 Maternal exposure to environmental pollutants such as tobacco smoke
and lead, as well as to air pollution, increases the risk of PTD.!* Maternal cigarette smoking has a
modest association with PTD; smoking 10 to 20 cigarettes has a relative risk (RR) of 1.2 to 1.5 and
more than 20 cigarettes per day a relative risk of 1.5 to 2.0.'> Smoking has a dose-dependent effect
on incidence of PTD as well as gestational age at delivery.'* History of cervical cone biopsy or loop
electrosurgical excision procedure for cervical intraepithelial neoplasia increases the relative risk for
PPROM by 2.7 to 1.9 respectively.'>

History of preterm delivery is the most important identifiable risk factor for recurrent PTD and
defines a high-risk pregnancy in the majority of research on preventive interventions. In general the
risk is increased by a factor of 2.5. Risk increases with shorter penultimate gestations and number
of previous preterm deliveries. 17 Women with a prior indicated preterm delivery are not only

at increased risk for a subsequent indicated PTD, but also for subsequent spontaneous PTD.!8
Multiple gestation is one of the strongest predictors for preterm delivery with the majority of twin
pregnancies delivering less than 37 weeks due to spontaneous preterm labor and medical indica-
tions for delivery.'” Twelve percent of twin, 36 percent of triplet and 60 percent of quadruplet preg-
nancies will deliver prior to 32 weeks.2?

Inflammation is one of the primary etiologic pathways to preterm labor (PTL). Infection may be the
cause of the majority of extremely preterm deliveries.?! Bacterial vaginosis (BV) increases the risk of
PTD (OR 2.19; 95% CI 1.54 to 312) and spontaneous abortion (OR 9.91; 95% CI 1.99 to 49.34). Women
screened and found positive for BV at less than 16 weeks’ gestation had an even higher likelihood of
PTD (OR 7.55; 95% CI1.80 to 31.65).22 Asymptomatic bacteriuria, possibly as a precursor to pyelone-
phritis, increases risk for PTD.?? Sexually transmitted infections such as chlamydia, gonorrhea, and
syphilis are all associated with increased risk for PTD.2 Non-genitourinary infection has also been
linked to subsequent preterm delivery. Periodontal infection doubles the risk for PTD.%#
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Genital Mycoplasma spp and Ureaplasma urealyticum are the most commonly identified microor-
ganisms in the amniotic cavity in women having preterm labor.? Organisms theoretically ascend
from the vagina and cervix before 20 weeks’ gestation when membranes become tightly applied to
decidua.? Inflammatory mediators (such as cytokines and TNF-alpha) may play a role in initiating
labor. Some women may be genetically predisposed to PTD associated with infection. The TNF-
alpha allele 2 gene, for instance, doubles the risk of PTD associated with BV.?5

Uterine contractions increase the likelihood of
preterm delivery. In a study of 306 women with
34,908 hours of monitoring, increased uterine
contractions were associated with preterm
delivery; however, there was not a threshold fre-
quency of contractions that effectively identified
a high-risk group.2¢

Figure 1. Measurement of Cervical Length

Residual
length

Short cervical length and funneling of the
cervix on ultrasound indicate increased risk
for preterm delivery. Proper technique for ultra- Measurements before 14 weeks lack predictive
sonic cervical measurement is described in value. Prognostic usefulness is limited after 32
several papers.”’zs Figure 1 demonstrates the weeks, at which point cervical effacement begins

i ) in normal pregnancies.28
ultrasonic parameters as depicted by lams.?”

Figure 2. Cervical Length and Relative Risk of Preterm Delivery
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Figure 2 summarizes findings from a study of cervical lengths of 2915 women at 24 weeks’ gestation. The bars represent
relative risk of PTD before 35 weeks for a given cervical length. The bell-shaped graph reflects the distribution of cervical
lengths. Relative risk of PTD increases as the cervical length shortens. In general, a short cervix is considered less than
30mm.%*?

Copyright permission obtained by the Massachusetts Medical Society, publishers of the New England Journal of Medicine.
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Figure 3. Sensitivity, Specificity, Positive and Negative Predictive Values of Ultrasound
Cervical Length Measured at 24 and 28 Weeks in Asymptomatic Low-risk Patients for
Delivery at Less than 35 Weeks”’

Cervix at 24 weeks Cervix at 28 weeks
(incidence of PTD at < 35 weeks 4.3 percent) (incidence of PTD at < 35 weeks 3.3 percent)

Cervical

Positive
Predictive 25.7 17.8 9.3 16.7 1.3 7.0
Value (%)

Negative
Predictive 96.5 97.0 974 976 98.0 98.5
Value (%)

1able 1. Risk Factors for Preterm Delivery (PTD)

e African-American race

e Interpregnancy interval < 6 months

e Low pre-pregnancy BMI

e History of PTD

e Multiple gestation

e Vaginal bleeding caused by placental abruption or placenta previa
e Polyhydramnios or oligohydramnios

e Maternal abdominal surgery

e Maternal medical disorders

e History of cervical cone biopsy or LEEP
e Uterine anomalies

e Maternal psychological or social stress
* Smoking

e Cocaine or amphetamine use

Infection:
- Intrauterine
- Bacterial Vaginosis
- Chlamydia
- Trichomonas
- Periodontal disease

Uterine contractions

Short cervix
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PREVENTION OF PTD

Prevention of PTD has been the focus of intense research for the last several decades. Antenatal pro-
gesterone has shown promise in recent trials. Screening and treatment of bacterial vaginosis has been
less successful historically, although better results are apparent with earlier screening, better choice of
subjects and choice of antibiotic. Cervical cerclage continues to be used in certain populations.

ANTENATAL PROGESTERONE

The mechanisms by which progesterone prevents PTL include reduction of gap junction formation,
oxytocin antagonism, maintenance of cervical integrity and anti-inflammation.?°

In women with a history of PTD, antenatal progesterone reduced the risk of subsequent PTD at both
< 37 and < 34 weeks,?"3? although these results are tempered by one large study which did not
demonstrate improvement in pregnancy outcome.?' One study demonstrated decreased rates of
neonatal necrotizing enterocolitis, intraventricular hemorrhage and need for supplemental oxygen.??
A meta-analysis supports the benefit of progesterone supplementation in decreasing the likelihood
of preterm delivery in high-risk women with a relative risk of birth at < 34 weeks of 0.15, and at < 37
weeks 0.8.32 In normal-risk women at a median of 22 weeks’ gestation with a cervical length of <

15 mm, treatment with vaginal progesterone was associated with a relative risk of 0.56 for delivery
before 34 weeks.>* Progesterone does not improve the outcome in twin pregnancy.?>

Table 2. Progesterone Formulation and Dosage for the Prevention of PTD?*®

Formulation Dosing Indication

17 alpha-hydoxyprogesterone caproate | 250 mg IM weekly from | Prior preterm delivery?3
16 to 20 weeks through
36 weeks

Progesterone capsule 100 mg vaginally HS Prior preterm delivery3”
from 24 to 34 weeks

Progesterone capsule 200 mg vaginally HS Cervical length <15 mm?34
from 20 to 34 weeks

A meta-analysis demonstrated 0.29 RR of PTD < 37 weeks’ gestation and 0.30 RR of neonatal respi-
ratory distress syndrome. The American College of Obstetricians and Gynecologists recommends
that progesterone supplementation be offered to patients with a history of PTD as well as for those
with serendipitously noted ultrasonic cervical length <15 mm.38

TREATMENT OF INFECTION

Screening for bacterial vaginosis (BV) in asymptomatic low-risk women remains controversial. Three
studies screened asymptomatic, low-risk women for BV early in the second trimester and treated
with clindamycin (vaginally in two and orally in one). In all three studies, the treated women had
lower rates of PTD and also less late second-trimester miscarriages.?>4%41 A Cochrane analysis
based on only one of the above studies concluded that screening and treating asymptomatic
women for lower genital tract infections reduced the incidence of delivery before 37 weeks.*! In
contrast, the U.S. Preventive Services Task Force recommends against screening for BV in low-risk
women and concludes that evidence is insufficient to recommend for or against screening for and
treating BV in high-risk patients.*2

)
ALSO) — Chapter D: Preterm Labor & Premature Rupture of Membranes — 5



Although most studies use criteria based on gram stain, most clinicians will rely on Amsel’s*? criteria
for diagnosis of BV.

Table 3. Amsel’s Criteria for Diagnosis of Bacterial Vaginosis

Diagnosis requires three of four findings

Homogenous, white, non-inflammatory discharge that smoothly coats the vaginal walls

Presence of clue cells on microscopic examination

pH of vaginal fluid > 4.5

Fishy odor of vaginal discharge before or after addition of 10 percent KOH

Clindamycin was used for the treatments of bacterial vaginosis in the three studies cited above
with either 300 mg by mouth twice daily for five to seven days or two percent vaginal cream nightly
for three to six days. Vaginal clindamycin treatment is not included in the recommended treatment
regimes from CDC listed below.

Table 4. CDC Recommendations for Treatment of Bacterial Vaginosis in Pregnancy”

Metronidazole 500 mg orally twice a day for seven days

Metronidazole 250 mg orally three times a day for seven days

Clindamycin 300 mg orally twice a day for seven days
CERVICAL CERCLAGE

Although premature cervical change might be the result of a structurally weak cervix, shortening
might also be the result of endocrine, paracrine or inflammatory processes.?? Infection, for example,
is associated with up to 51 percent of patients presenting with cervical insufficiency.?> Cerclage spe-
cifically addresses structural deficits in the cervix and would not necessarily be as effective for other
processes such as infection. Meta-analysis of 2175 patients given prophylactic cervical cerclage dem-
onstrated a small reduction in births under 33 weeks’ gestation, and was associated with mild pyrexia,
increased use of tocolysis and hospital admissions and did not improve neonatal outcomes.*>

SMOKING CESSATION, ASYMPTOMATIC BACTERIURIA AND OTHER
INTERVENTIONS FOR THE PREVENTION OF PTD

In a large observational study in Sweden, women with a previous preterm delivery and who smoked
during that pregnancy had a decreased risk of subsequent PTD if they did not smoke.'* Smoking
cessation programs reduce the relative risk of PTD (0.84 ClI 0.72 to 0.98).%¢ Interventions for
smoking cessation are not equally effective, nor are they always transferrable to different settings.
Programs using rewards plus social support were most effective.*®

Although associated with PTD, screening for and treating asymptomatic bacteriuria did not reduce
the incidence of PTD. Incidences of pyelonephritis and low birth weight were decreased.!?

Risk of PTD is not improved with regular nursing contact,*” periodontal care,*® or nutritional
supplementation.*’
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ASSESSMENT OF THE SYMPTOMATIC PATIENT

The following section describes initial assessment of the patient presenting with premature contrac-
tions. Goals include assessment for rupture of membranes, assessment for infection, determination
of likelihood of preterm delivery. A protocol for evaluation is listed below.

Table 5. Assessment of the Patient Presenting with Premature Contractions

Are the membranes History

ruptured? Leakage of fluid from cervical os on sterile speculum exam
Nitrazine reaction of fluid

Ferning of fluid

Ultrasound for oligohydramnios

Amnioinfusion of indigo carmine (if above tests are nondiagnostic)

Is infections present? Group B Streptococcus carrier status
Sexually transmitted infection status
Urinary tract infection
Chorioamnionitis, possibly subclinical

What is the likelihood that | Single-dose terbutaline

the patient will delivery Fetal fibronectin
prematurely?

Ultrasound cervical length

ARE THE MEMBRANES RUPTURED?

Sterile speculum assists in evaluation of membrane integrity and facilitates collection of fetal fibro-
nectin (fFN) sample. Direct observation of amniotic fluid leaking from the cervical os is diagnostic
of ruptured membranes. Gentle fundal pressure or having the patient cough during the exam may
facilitate leakage. Prolonged recumbence of the patient suspected to have ruptured membranes
may lead to pooling of fluid in the vaginal vault.>® Amniotic fluid when allowed to air dry on a

slide will demonstrate ferning or arborization. A false-positive test for ferning is possible if cervical
mucous is inadvertently tested. The pH of the normal vaginal environment is 4.5 to 6.0 whereas the
pH of amniotic fluid is 71 to 7.3 and will change the color of nitrazine paper from orange to blue.
Accuracy of the ferning test for diagnosis of ruptured membranes is 84 to 100 percent and the nitra-
zine reaction 87 to 97 percent.>! Rupture of membranes may be diagnosed with a rapid slide test for
placental alpha microglobulin-1 protein in cervicovaginal discharge. Two studies of 2032 and 184°3
patients demonstrated strong performance as noted in Table 6 below.

1able 6. Performance of Placental Alpha Microglobulin-1 Protein Assay in Diagnosis of ROM

. T Positive Predictive Negative Predictive
Study Sensitivity Specificity Value Value
Cousins et al.
(n=203)52 98.9 percent 100 percent 100 percent 991 percent
Park et al.
(n=184)53 98.7 percent 87.5 percent 98.1 percent 91.3 percent

Oligohydramnios on ultrasound supports diagnosis of rupture of membranes.>?
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IS INFECTION PRESENT?

A high index of suspicion for infection is reasonable given the close association with PTD. Evaluate
prematurely contracting patients for sexually transmitted infections, urinary tract infection and bacte-
rial vaginosis. Unless recently tested for GBS, take a vaginal/rectal culture. Subclinical chorioamnio-
nitis, infection without the classic findings of fever, uterine tenderness, foul-smelling discharge and
maternal tachycardia, may be present.>*

WHAT IS THE LIKELIHOOD OF PTD?

The classic definition of labor is regular uterine contractions accompanied by the descent of the
fetal presenting part and progressive dilatation and effacement of the cervix. Labor may also be
defined as cervical effacement of 80 percent, or dilatation of 2 cm in the presence of regular uterine
contractions. Use of regular uterine contractions as the sole criterion for diagnosis is associated
with a 40 to 70 percent false-positive rate.>> In one observational study, 38 percent of women pre-
senting to Labor and Delivery with preterm contractions went on to deliver during that admission.>®
Early diagnosis of preterm labor, in spite of these difficulties, increases the ability to transfer a labor-
ing mother to a facility with a neonatal intensive care unit, administer glucocorticoids and initiate
prophylactic treatment of GBS.%”

Triaging tools available to the clinician include a single dose of subcutaneous terbutaline, the fetal
fibronectin (fFN) test and cervical ultrasound. Abolishment of contractions with a single subcutane-
ous 0.25 mg dose of terbutaline decreased time to discharge from five to four hours when com-
pared to observation alone.””

Fetal fibronectin testing is most useful for its negative predictive value and may be used between 24
and 34 weeks’ gestation. Oncofetal fibronectin is a placental glycoprotein and a major component
of the chorio-decidual extracellular matrix. The negative predictive value of the fFN assay is greater
than 99 percent for delivery within 14 days. The positive predictive value is 13 to 30 percent for deliv-
ery in seven to ten days for symptomatic patients.>® The test should not be performed when there is
active vaginal bleeding, or when intercourse, digital vaginal examination, or endovaginal ultrasound
has occurred in the preceding 24 hours as these can yield a false positive test result.>?

Although large prospective studies are not available, in one study only one patient out of 335 with
a cervical length > 30 mm delivered within seven days.? In patients presenting with preterm con-
tractions, an ultrasound cervical length of > 30 mm would rule out PTL.?” Establishing a threshold
cervical length at which a patient is at increased risk is more problematic.®! Table 7 demonstrates
likelihood of delivery at different cervical lengths stratified by fFN result. Cervical length

<15 mm indicates high likelihood of PTD regardless of fFN result. In the ‘grey zone’ of 15 to 30
mm, fFN result has a much greater impact on likelihood of delivery and therefore is more useful in
decision-making.®?
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Table 7. Use of fFN result on Likelihood of Delivery Within Seven Days
at Different Ultrasound Cervical Lengths®?

Cervical Length (mm) fFN Delivery Within seven days
> 30 mm + 71 percent
> 30 mm - 2.2 percent
>15 mm, < 30 mm + 22 percent
>15 mm, <30 mm - 5 percent
<15 mm + 75 percent
<15 mm - 36 percent

MANAGEMENT OF PRETERM LABOR

Once preterm labor has been diagnosed, only three antenatal interventions have been demon-
strated to improve outcome: delivery at a facility with a level lll nursery, administration of corticoste-
roids and antibiotic prophylaxis of neonatal group B streptococcal infection.

ANTENATAL CORTICOSTEROID (ACS) TREATMENT

Treatment with antenatal corticosteroids decreases neonatal death and morbidity as listed in the
table below.%3

Table 8. Effect of ACS on Fetal Qutcomes in PTL%3

Outcome RR (95 percent Cl)

Neonatal death 0.69 (0.58 to 0.81)

Respiratory distress syndrome 0.66 (0.59 to 0.73)
Intraventricular hemorrhage 0.54 (0.43 to 0.69)
Necrotizing enterocolitis 0.46 (0.29 to 0.74)
Respiratory support, intensive care admissions 0.80 (0.65 to 0.99)
Systemic infections in the first 48 hours of life 0.56 (0.38 to 0.85)

Treatment with antenatal corticosteroids does not increase risk of maternal death, chorioamnionitis or
puerperal sepsis.®® Antenatal corticosteroid use is effective in women with premature rupture of mem-
branes and pregnancy-related hypertension syndromes.®®> A single course is recommended between
24 and 34 weeks; gestation.®* The optimal effects of ACS appear to wane after a week; however, the
use of repeat courses for women who remain undelivered and at risk for PTD remains controversial
due to possible adverse neonatal effects of repeat courses.®> A single ‘rescue course’ of ACS prior to
33 weeks’ gestation improved fetal respiratory outcomes in one study.®® Other studies have not dem-
onstrated improved outcomes with weekly courses of ACS®” while showing an increase in cerebral
palsy at two to three years of age.®® Doses of corticosteroids are noted on the next page.
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Table 9. Antenatal Corticosteroids for Fetal Maturation

Corticosteroid Dosage

Betamethasone Two doses of 12 mg IM twice given 24 hours apart
Dexamethasone Four doses of 6 mg given IM every six hours®?
TOCOLYSIS

The goal of tocolysis is to delay delivery to allow time for maternal transfer if necessary, ACS and
neonatal GBS prophylaxis. Since preterm labor may be the result of infection, decidual thrombosis,
or physiologic stress leading to activation of the fetal adrenal axis, prolongation of the pregnancy
may be prolonging fetal exposure to a potentially hostile environment.3?

Nifedipine decreases the likelihood of delivering within seven days (RR 0.76; 95 % CI 0.60 to 0.97)
and before 34 weeks (RR 0.83; 95% CI 0.69 to 0.99). Fetal outcomes (respiratory distress syndrome
(RR 0.63; 95% CI 0.46 to 0.88), necrotizing enterocolitis (RR 0.21; 95% CI 0.05 to 0.96), and intraventric-
ular hemorrhage (RR 0.59; 95% Cl 0.36 to 0.98) are improved and maternal side effects are minimal.®
Following cessation of labor, maintenance therapy (based on one trial) does not improve outcome.”?
Meta-analysis of randomized trials demonstrates that betamimetics are effective in delaying delivery
for 48 hours. Fetal outcomes were not improved in this analysis. Maternal side effects were significant.
Fetal tachycardia was also noted.”" In 2011, the FDA warned against using terbutaline for over 48 to 72
hours for treatment of preterm labor or any use of oral terbutaline to prevent preterm labor.

Nonsteroidal anti-inflammatory drugs (NSAIDs) increase the likelihood of delivery at > 37 weeks
and average gestational age at delivery (weighted mean difference 3.53 weeks) with low maternal
side effects.”? Early concerns about potential neonatal side effects from indomethacin’? are allayed
by a subsequent meta-analysis and may be related to the role of infection, especially in very preterm
labor.”# According to one decision analysis, prostaglandin inhibitors may be the optimal first line
agent for preterm labor before 32 weeks’ gestation.”> Another consideration might be the presence
of polyhydramnios, in which case prostaglandin inhibitors would be expected to decrease amniotic
fluid volume. Because of risk of premature closure of the ductus arteriosus, NSAIDs should not be
used for more than 48 hours.”®

In spite of widespread use’” and a theoretical basis for therapeutic effect, studies of magnesium
sulfate for tocolysis fail to demonstrate either prolongation of pregnancy for 48 hours nor improve-
ments in fetal outcome.”®7? The Cochrane analysis found magnesium sulfate for tocolysis to be
ineffective. The risk of death (fetal and pediatric) was higher for infants exposed to magnesium
sulfate (RR 2.82; 95% Cl 1.2 to 6.6) based on seven trials (n=727).7 Placebo controlled trials show
lack of effect and trials controlled with other classes of tocolytics (including CCBs) show no differ-
ences in outcome.”®7? Several trials of neuroprotection have demonstrated that magnesium sulfate
administered before delivery may decrease incidence of cerebral palsy (CP) without affecting neo-
natal mortality.®? A meta-analysis of trials calculated a RR of 0.69 (95% CI 0.55 to 0.91) with a num-
ber needed to treat to prevent one case of CP of 63 (95% CI 43 to 155).8! Dosage regimes varied
between individual studies; the regime used by Rouse et al is a 6-gram intravenous bolus followed
by constant infusion of 2 grams per hour until delivery or for 12 hours maximum.22

If MgSQy, is to be used for neuroprotection in PTL, physicians and hospitals should develop specific
guidelines for use based on these studies.®?
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Table 10. Pharmaceutical Agents for Tocolysis

Drug (Class) Contraindications and Side Effects

ously every 20
minutes for up
to three doses

neonatal outcomes are
variable and maternal side
effects common. Terbutaline
should not be used for more
than 48 to 72 hours.

Magnesium 4to 6 gm In widespread use in Contraindication: Myasthenia gravis
sulfate bolus over the United States, meta- Maternal side effects: Flushing, lethargy, head-
20 minutes, analysis fails to demonstrate ache, muscle weakness, diplopia, dry mouth,
Uzl iz |mprovement n olutcomes. pulmonary edema, cardia arrest. Toxicity rare with
2 gm/hr Comparlspn stud|e§ deman- serum level <10 mg/dl. Respiratory depression
(3 gm/hr Sl Sl effechveness and subsequent arrest can occur at levels > 10 to
maximum) to other agents in delay 12 mg/d|.78
of delivery.
Newborn side effects: Lethargy, hypotonia,
respiratory depression, demineralization with
prolonged use.
Nifedipine 30 mg oral Nifedipine may offer the Contraindication: Maternal hypotension
(Calcium loading dose, best outcomes of the toco- Maternal side effects: Flushing, headache,
Channel then 10 to 20 ilie 2B, bigy Bieing dizziness, nausea, transient hypotension
Blocker) mg every four pregnancy for seven days.
to six hrs Neonatal mortality not No fetal side effects noted.
affected. Decreased inci-
dence of neonatal respiratory
distress syndrome, necrotiz-
ing enterocolitis, intraventricu-
lar hemorrhage and jaundice.
Terbutaline 0.25 mg Betamimetic drugs may delay | Maternal contraindications: Heart disease,
(Betamimetic) subcutane- delivery for 48 hours but poorly controlled diabetes, thyrotoxicosis

Maternal side effects:

- Cardiac arrhythmias, pulmonary edema,
myocardial ischemia, hypotension, tachycardia

- Hyperglycemia, hyperinsulinemia, hypokalemia,
antidiuresis, altered thyroid function

- Physiologic tremor, palpitations, nervousness,
nausea/vomiting, fever, hallucinations

Fetal and neonatal side effects:

- Tachycardia, hypoglycemia, hypocalcemia,
hyperbilirubinemia, hypotension, intraventricular
hemorrhage

Indomethacin
(Nonsteroidal
anti-inflamma-
tory drug)

Loading dose:
50 mg rectally
or 50 to 100
mg orally

Maintenance
dose: 25 to 50
mg orally every
four hours for
48 hours

Total 24-hour
dose should
not be greater
than 200 mg

NSAIDs theoretically intervene
more proximally in the labor
‘cascade’ than the other
agents. Efficacy appears simi-
lar to other agents. Maternal
side effect profile is favorable.

Other NSAIDs (sulindac,
ketorolac) may be used.

Contraindications: Maternal renal or hepatic
impairment, active peptic ulcer disease.
Oligohydramnios

Maternal side effects: Nausea, heartburn

Fetal side effects: Constriction of the ductus
arteriosus (not recommended after 32 weeks
gestation), pulmonary hypertension, reversible
decrease in renal function with olioghydramnios,
intraventricular hemorrhage, hyperbilirubinemia,
necrotizing enterocolitis

May be optimal choice for tocolysis before
32 weeks’ gestation

NEONATAL GROUP B STREPTOCOCCAL (GBS) PROPHYLAXIS

Given the current recommendation for universal prenatal screening at 35 to 37 weeks, most patients
in preterm labor will not have culture results available. A GBS swab should be obtained for culture
when women present with preterm labor or preterm premature rupture of membranes. Rapid tests
for GBS colonization in women presenting with threatened PTL, but whose GBS status is unknown,
are available;®3 however, the 2010 CDC guidelines recommend against using the current nucleic
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acid amplification tests (NATT) in women under 37 weeks’ gestation due to decreased sensitivity
compared to culture. Intrapartum antibiotics should be used for prophylaxis until it is determined
that the woman is not in true preterm labor, unless a negative GBS culture result becomes avail-
able.8* Women who are allergic to penicillin may receive cefazolin unless the allergic response was
anaphylaxis, angioedema, respiratory distress, or urticarial. Women with a history of these serious
reactions should receive vancomycin unless sensitivity testing has demonstrated that the GBS
isolate is susceptible to clindamycin and erythromycin. If sensitive to clindamycin and resistant to
erythromycin, then testing for inducible resistance to clindamycin must be performed if clindamycin
is to be used rather than vancomycin. CDC algorithms (Figures 4 and 5) for screening and GBS
prophylaxis treatment of women with threatened preterm delivery, is presented below:

Figure 4. Algorithm for Screening for Group B Steptococcal (GBS) Colonization and
Use of Intrapartum Prophylaxis for Women With Preterm* (PTL)%

Patient admitted with signs and symptoms of preterm labor

Y

Obtain vaginal-rectal swab for GBS culture® and start GBS prophylaxis®

Y

Patient entering true labor?¢

YES NO
I I
Continue GBS prophylaxis Discontinue GBS
until deliveryCl prophylaxisCl

v

Obtain GBS culture results

|
v v v

Not available prior to labor onset and

Positive patient still preterm Negative
[ T |
GBS prophylaxis at onset No GBS prophylaxis at onset of true labor® repeat
of true labor vaginal-rectal culture if patient reaches 35 to 37
weeks’ gestation and has not yet delivered®

* At < 37 weeks and 0 days’ gestation.

a [f patient has undergone vaginal-rectal GBS culture within the preceding five weeks, the results of that culture should
guide management. GBS-colonized women should receive intrapartum antibiotic prophylaxis. No antibiotics are
indicated for GBS prophylaxis if a vaginal-rectal screen within five weeks was negative.

b See Table 11 for recommended antibiotic regimens.

¢ Patient should be regularly assessed for progression to true labor; if the patient is considered not to be in true labor,
discontinue GBS prophylaxis.

d If GBS culture results become available prior to delivery and are negative, then discontinue GBS prophylaxis.
e Unless subsequent GBS culture prior to delivery is positive.

f A negative GBS screen is considered valid for five weeks. If a patient with a history of PTL is re-admitted with signs
and symptoms of PTL and had a negative GBS screen > five weeks prior, she should be rescreened and managed
according to this algorithm at that time.
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Figure 5. Recommended Regimens for Intrapartum Antibiotic Prophylaxis
for Prevention of Early-onset Group B Streptococcal (GBS) Disease®*

Patient allergic to penicillin?

NO YES
Y Y
Penicillin G, 5 miII.ioln unitg 'Y initial dose, Patient with a history of any of the following
then 2.5 to 3.0 million units® every 4 hrs after receiving penicillin or a cephalosporin?®
until delivery « Anaphylaxis
or * Angioedema
Ampicillin, 2 g IV initial dose, * Respiratory distress
then 1 g IV every 4 hrs until delivery * Urticaria
Cefazolin, 2g IV initial dose, Isolate susceptible to clindamycin®
then1g IV every 8 hrs until delivery and erythromycind?

v v

Vancomycin, 1 g IV every Clindamycin, 900 mg IV
12 hrs until delivery every 8 hrs until delivery

Abbreviation: IV = intravenously

* Broader spectrum agents, including an agent active against GBS, might be necessary for treatment of
chorioamnionitis.

®

Doses ranging from 2.5 to 3.0 million units are acceptable for the doses administered every 4 hours following the initial
dose. The choice of dose within that range should be guided by which formulations of penicillin G are readily available
to reduct the need for pharmacies to specially prepare doses.

=

Penicillin-allergic patients with a history of anaphylaxis, angioedema, respiratory distress, or urticaria following
administration of penicillin, ampicillin, or cefazolin for GBS intrapartum prophylaxis. For penicillin-allergic patients who
do not have a history of those reactions, cefazolin is the preferred agent because pharmacologic data suggest it
achieves effective intraamniotic concentrations. Vancomycin and clindamycin should be reserved for penicillin-allergic
women at high risk for anaphylaxis.

(e}

If laboratory facilities are adequate, clindamycin and erythromycin susceptibility testing (Box 3) shold be performed
on prenatal GBS isolates from penicillin-allergic women at high risk for anaphylaxis. If no susceptability testing is
performed, or the results are not available at the time of labor, vancomycin is the preferred agent for GBS intrapartum
prophylaxis for penicillin-allergic women at high risk for anaphylaxis.

d Resistance to erythromycin is often but not always associated with clindamycin resistance. If an isolate is resistant
to erythromycin, it might have inducible resistance to clindamycin, even if it appears susceptible to clindamycin. If a
GBS isolate is susceptible to clindamycin, resistant to erythromycin, and testing for inducible clindamycin resistance
has been performed and is negative (no inducible resistance), then clindamycin can be usecd for GBS intrapartum
prophylaxis instead of vancomycin.
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PRETERM PREMATURE RUPTURE OF THE FETAL MEMBRANES (PPROM)

Twenty-five to 30 percent of preterm deliveries are preceded by PPROM.? The biochemical events
leading to PPROM appear to be different from those leading to PTL. Collagen fibers contribute

to the tensile strength of the fetal membranes. Matrix metalloproteinase (a collagenase) activity is
increased, possibly the result of infection or other inflammation, and may be the final common path-
way leading to membrane rupture. In the context of placental abruption, thrombin may be involved
as well.®

The earlier in pregnancy PROM (and PTL in general) occurs, the more likely that it is associated
with infection.®¢ Risk factors for PPROM are similar to those for preterm labor with intact mem-
branes.”® Delivery is likely within a week of rupture. The earlier in pregnancy the rupture occurs,
however, the greater the potential latency period. Clinically evident, intra-amniotic infection will
develop in 13 to 60 percent of cases, the likelihood of which is increased by digital vaginal examina-
tion.®%87 Principal threats to the fetus are complications of prematurity. Intrauterine complications
include umbilical cord compression, abruption of the placenta, infection and pulmonary develop-
mental abnormalities.>” Infection may lead to maternal morbidity and likely plays a role in initiation
of labor.

INITIAL EVALUATION OF THE PATIENT WITH SUSPECTED PPROM?##

* Accurate dating is critical: Review dating criteria as management choices are determined by
gestational age.

e Sterile speculum examination: If rupture of membranes is suspected, digital examination
should be avoided as it shortens the latency period before onset of labor and increases the
risk of infection. Diagnosis of rupture of membranes is discussed above. A sample of amni-
otic fluid may be obtained for fetal lung maturity evaluation if between 32 and 34 weeks (see
below).

e Ultrasound evaluation: Oligohydramnios supports the diagnosis of membrane rupture.
Oligohydramnios will also decrease the accuracy of fetal weight and gestational assessment.
Low amniotic volume increases the likelihood of cord compression and other complications.

* Assessment of fetal lung maturity: Vaginal amniotic fluid may be tested for phosphatidyl glyc-
erol, the presence of which indicates fetal lung maturity?® between 32 and 34 weeks’ gesta-
tion, although this is not commonly done. Amniocentesis allows collection of fluid for fetal
pulmonary maturity testing as well as for evaluation of infection.”!

* Screen for infection: Cervical cultures for sexually transmitted infections or vaginal/rectal
culture for group B streptococcus may be obtained.

* Fetal monitoring: Electronic fetal heart rate and uterine contraction monitoring during initial
assessment may identify cord compression and asymptomatic contractions.

MANAGEMENT OF PPROM

As in the case of premature labor with intact membranes, the management of PPROM necessitates
a balance between the advantages of delaying delivery and risks of prolonging fetal exposure to

a potentially hostile environment. Initial management is predicated on gestational age with the
expected benefits of expectant management and administration of corticosteroids increasing for
earlier gestational ages. Prolonging pregnancy after 34 weeks may result in poorer outcomes.??
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¢ Monitor for clinical infection: Maternal fever, uterine tenderness and fetal tachycardia are indi-
cators of infection.

* Antepartum fetal testing: Non-stress testing is useful for detection of fetal heart rate decelera-
tions which may occur due to umbilical cord compression in the setting of oligohydramnios.
Biophysical profile testing has been used to predict chorioamnionitis, although daily testing is
necessary.”? Oligohydramnios (largest pocket <2 cm) indicates increased risk of infection.”?

* Antibiotic therapy: At gestations between 24 and 32 weeks, treatment with antibiotics prolongs
pregnancy, decreases fetal morbidity, decreases chorioamnionitis and maternal infection.”*
PPROM antibiotic regimens that include ampicillin 1 gram IV every six hours are adequate for
GBS prophylaxis per CDC, despite the every six-hours dosing interval rather than the every

four hours for routine GBS intrapartum prophylaxis.® The antibiotics and dosages used in a
large National Institute of Child Health and Human Development trial are listed below.”>

1able 11. Antibiotic Therapy in PPROM?>

Antibiotic

LIEIRGE )R

Ampicillin 2 grams intravneously every six hours for 48 hours

Erythromycin 250 mg intravenously every six hours for 48 hours

Followed by:

Amoxicillin 250 mg orally every eight hours for five days

Erythromycin base | 333 mg orally every eight hours for five days

» Corticosteroids: Antenatal corticosteroid administration in the setting of PPROM reduces the
risk of neonatal respiratory distress syndrome (RR 0.56; 95% CI 0.46 to 0.70), intraventricular
hemorrhage (RR 0.47; 95% CI 0.31to 0.70), and necrotizing enterocolitis (RR 0.21; 95% CI
0.05to 0.82). There is a trend to decreased neonatal death. Incidence of maternal and neo-
natal infection is not increased.?® The American College of Obstetricians and Gynecologists
(ACOG) recommends treatment before 32 weeks. Efficacy of treatment from 32 to 33 weeks
is reported as unclear but possibly beneficial in the setting of fetal pulmonary immaturity.?”
Corticosteroid dosages are listed above.

e Tocolysis: As opposed to antibiotic and corticosteroid treatment, tocolysis in the context
of PPROM lacks evidence of benefit. Association of infection with onset of labor would be
expected to be stronger in PPROM as opposed to PTL with intact membranes indicating
circumspection in choosing tocolysis. ACOG has no recommendation regarding tocolysis in
PPROM.86

GESTATIONAL AGE AND MANAGEMENT OF PPROM

Greater than or equal to 34 weeks, electively induce labor: Incidence of RDS as well as composite
morbidity in neonates delivered in the 34th week is no different from those in the 35th and 36th
weeks.?? Interventions such as corticosteroids and antibiotics are no longer indicated. At 34 weeks,
elective induction of labor with PPROM reduces the incidence of chorioamnionitis and neonatal
sepsis.??
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Thirty-two to 33 weeks, induce if fetal lungs mature based on amniocentesis or vaginal pool sample.
As with induction versus observation after 34 weeks, elective induction improves outcomes in preg-
nancies with evidence of fetal lung maturity. For those pregnancies without fetal lung maturity, man-
agement is less clear. Corticosteroid and antibiotic therapy are a consideration.8%:86.98

Twenty-four to 32 weeks, administer antibiotics and corticosteroids, monitor for infection and other
intrauterine fetal complications. If there is no evidence of fetal compromise and labor does not
begin spontaneously, these pregnancies are managed expectantly until they reach 34 weeks.>%-86:91

DELIVERY OF THE PRETERM INFANT

Premature delivery at a facility with a high-volume level lll Neonatal Intensive Care Unit (NICU) results in
better neonatal outcomes.”? If delivery is not imminent and level Ill services are unavailable, then mater-
nal transfer is indicated. Using a proactive approach wherein very preterm infants (22 to 26 weeks’ ges-
tation) were delivered at a level lll facility and antenatal steroids were delivered, one-year survival rates
were 70 percent, ranging from 9.8 percent at 22 weeks to 85 percent at 26 weeks.'%° Fetuses at 22 to
25 weeks are considered at the cusp of viability and decisions for intervention with tocolysis, cesarean
delivery for nonreassuring fetal heart tones, and neonatal intensive unit care requires careful consulta-
tion with parents and consideration of the specific risks and benefits. The National Institute of Child
Health and Human Development (NICHD) has developed a web-based tool for describing outcomes of
these neonates based on gestational age, weight, sex, and administration of antenatal corticosteroids.
(http://www.nichd.nih.gov/about/org/cdbpm/pp/prog_epbo/epbo_case.cfm).

The preterm fetus is more susceptible to injury from acidosis and anoxia and therefore should be
monitored continuously.'?! Neurologic immaturity of the fetus and effects of medications such as
betamimetics complicate fetal heart rate monitoring. Malpresentations are more common at earlier
gestations and should be anticipated.1?2

There is some retrospective evidence that elective cesarean delivery of extremely premature (22 to
31 weeks’ gestation)!%3 or very low birth weight (< 750 grams) infants!%* may improve some neona-
tal outcomes. The beneficial effect of elective cesarean delivery of these fetuses is not apparent,
however, when applied to all deliveries at less than 37 weeks’ gestation, while increasing maternal
morbidity.'%> The lack of specificity in the diagnosis of true preterm labor results in the theoretical
risk of surgical delivery of a patient not truly in preterm labor, an eventuality suggested in one of
the trials.1%5 For these reasons, cesarean delivery for the vertex preterm fetuses should be done for
standard obstetric indications rather than for prematurity.106

There is no evidence that prophylactic episiotomy or forceps delivery improves neonatal outcome
in preterm delivery.19%107 Use of vacuum extraction is generally considered inappropriate before 34
weeks’ gestation, due to the risk of intraventricular hemorrhage.'°® Umbilical cord blood acid-base
studies should be considered following delivery given higher rates of cerebral palsy in preterm
infants. The third stage of labor may be prolonged. Retained placenta is more common than with
term pregnancies'?? and is best managed with uterine stimulants.
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PREMATURE RUPTURE OF MEMBRANES (PROM) AT TERM

Rupture of the membranes prior to the onset of labor occurs in 10 percent of pregnancies. Ninety
percent of PROM occurs at greater than 37 weeks’ gestation.!'? Diagnosis of ruptured membranes
is discussed above. PROM at term confronts the clinician with several treatment decisions.

Positive amniotic fluid cultures for almost one-third of women presenting with PROM at term have
been demonstrated, although only a small proportion will go on to develop clinical chorioamnionitis
or endometritis.!!! Since maternal chlamydial and gonorrheal infections increase the risk for PROM,
consider cervical cultures.''? For women who are colonized, antimicrobial chemoprophylaxis for
GBS is discussed above. If GBS status is unknown at time of presentation, intrapartum chemo-
prophylaxis should be administered to women with duration of membrane rupture > 18 hours, or
temperature > 100.4°F (> 38°C).%4 As in PPROM, digital cervical examinations are associated with
increased incidence of chorioamnionitis''? and neonatal infection.!14

PLANNED DELIVERY VS. EXPECTANT MANAGEMENT IN PATIENTS
NOT IN LABOR

Labor induction with oxytocin is recommended when term PROM occurs and labor does not
follow.!15 Despite this recommendation, some women may prefer expectant management. The
Cochrane review on term PROM concludes that since the difference in outcomes based on man-
agement plan is small, women should receive information to make an informed choice.'¢ Elective
induction of labor does not reduce the incidence of neonatal infection overall, but does decrease
admissions to newborn intensive care (RR 0.72; Cl 0.56 to 0.97). Mothers are less likely to develop
chorioamnionitis (RR 0.74; Cl 0.56 to 0.97) or endometritis (RR 0.30; Cl 0.12 to 0.74).11¢ Actively man-
aged GBS-colonized mothers, however, deliver neonates with significantly lower rates of infection
(2.5 percent) than those who are expectantly managed (eight percent).!'” Elective induction does
not increase the rate of cesarean deliveries in the setting of term PROM.!8 Oral and vaginal miso-
prostol as well as PGE2 have been used for elective induction of labor in the setting of term PROM
but offer no advantage over oxytocin.''?

CONCLUSION

It is possible to identify some patients at high risk for PTD, and a subset of these may benefit from
preventive interventions such as antenatal progesterone. In the triage of patients presenting with
preterm contractions, it is possible to stratify their risk of subsequent preterm delivery. The major
role of tocolysis is delay of delivery for the 48 hours necessary for the full therapeutic effect of ante-
natal steroids. Management of PPROM presents its own set of challenges and is primarily based on
gestational age. Antenatal steroids and antibiotics are useful in some cases. Although term PROM
is often managed expectantly, there is little research to support that approach and some to sup-
port immediate induction of labor or after a short interval of expectant management. Preterm labor
remains an area of intense research activity and therapeutic evolution. Addressing the role of infec-
tion in PTL is a particular area of interest.
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SUMMARY
Category A

Antenatal progesterone supplementation decreases the incidence of preterm delivery in high-risk
patients.?2

Administration of corticosteroids in women with preterm labor between 26 and 34 weeks’ gesta-
tion reduces the incidence of neonatal death, respiratory distress syndrome, and intraventricular
hemorrhage.®?

In symptomatic patients, calcium channel blockers reduce the risk of delivery within seven days and
before 34 weeks’ gestation. Calcium channel blockers are better tolerated than betamimetics.®?

In symptomatic patients, betamimetics decrease the risk of delivery within 48 hours. They are
associated with significant adverse effects, and should not be used for more than 48 to 72 hours.”!

Category C

If delivery is not imminent, maternal transfer to a facility with a level lll neonatal intensive care unit
is indicated.??-100
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